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EXECUTIVE SUMMARY

Letterkenny Army Depot (LEAD) is a U.S. Army owned and operated installation located
in the central portion of Franklin County, Pennsylvania, 5 miles north of the City of
Chambersburg. Consistent with its mission, LEAD generates industrial wastewater from a
variety of sources, including metal plating, metal cleaning, parts and vehicle washing, and
battery acid disposal. An Industrial Wastewater Treatment Plant (IWTP) was constructed
in 1954 to treat this wastewater. The IWTP used a 1-million-gallon unlined earthen lagoon,
underlain by karst limestone, to serve as a precipitation/flow equalization basin. A loss of
liquids from the lagoon was first detected in the mid-1960s. Soon after that, the entire
contents of the impoundment were lost when a sinkhole developed in the bottom of the
lagoon and the wastewaters drained into the soils and groundwatér below. Despite the
efforts to repair the lagoon, various chlorinated solvents and volatile organic compounds
(VOCs) were detected in 1985 in the underlying groundwater and eventually in Rowe
Spring. As a result of this contamination source (and others), the southeastern portion of

LEAD was listed on the National Priorities List (NPL) in July 1987.

The primary objective of this task was to develop an alternative treatment technique or an
innovative use of a conventional technology to remove VOC contamination from Rowe

Spring. Ten remedial technologies were evaluated using several criteria, including:

° Ability to meet effluent requirements (non-detect for VOCs)
° Residential criteria

- Noise level contributed by the treatment system
- Ability to provide supply of treated water for livestock
- Compatibility with surroundings

() Other criteria

- Cost effectiveness

- Implementability

- Maintenance required
Suitability for automation
Residuals generated

- MKO01\RPT:02281012.003\roweto3.all ES-1 07/17/9%
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- Current availability
- Service life

The selected groundwater remediation system consists of a low-profile air stripping system
(aspiration stripping—Hazleton Maxi-Strip process) and associated groundwater collection,
conveyance, and post treatment distribution systems. A conceptual design for a treatment
plant using the selected technology was prepared. Artistic renderings were prepared for the

groundwater collection and discharge system building as well as the groundwater treatment

building.

This report presents Rowe Spring characterization data, the concept design, artistic
renderings, conceptual level cost estimate, and geotechnical investigation report for the
selected technology and treatment site. The concept design includes a process flow diagram

and a list of major components for the proposed groundwater collection and treatment

system.

MKO01\RPT:02281012.003\roweto3.all ES-2 07/16/96



SECTION 1
BACKGROUND AND INTRODUCTION

1.1 INTRODUCTION

Letterkenny Army Depot (LEAD) is a U.S. Army owned and operated installation located
in the central portion of Franklin County, Pennsylvania, 5 miles north of the City of
Chambersburg. LEAD’s current mission includes storage and maintenance of ammunition,
vehicles, missile systems, and repair parts. Consistent with its mission, LEAD generates
industrial wastewater from a variety of sources, including metal plating, metal cleaning, parts
and vehicle washing, and battery acid disposal. An Industrial Wastewater Treatment Plant
(IWTP) was constructed in 1954 to treat this wastewater. The IWTP used a 1-million-gallon
unlined earthen lagoon, underlain by karst limestone, to serve as a precipitation/flow

equalization basin.

A loss of liquids from the lagoon was first detected in the mid-1960s. Soon after that, the
entire contents of the impoundment were lost when a sinkhole developed in the bottom of
the lagoon and the wastewaters drained into the soils and groundwater below. In 1967, the
lagoon was replaced by a two-celled, concrete-lined basin over the existing structure.
Various chlorinated solvents and volatile organics were detected in 1985 in the underlying
groundwater. As a result of this groundwater contamination, the southeastern portion of

LEAD was listed on the National Priorities List (NPL) in July 1987.

A Resource Conservation and Recovery Act (RCRA) closure of the IWTP lagoons was
completed in November of 1992. As part of this RCRA closure, LEAD was required to
submit a Groundwater Abatement and Assessment Plan (GWAAP). Part of the GWAAP
addresses groundwater contamination in Rowe Spring. The U.S. Army is currently
addressing groundwater contamination at several off-post springs that contribute to the base
flow of a nearby surface stream referred to as Rowe Run. Off-site sampling programs
conducted in recent years have resulted in volatile organic compounds (VOCs) being

detected in water samples collected at Rowe, Wirth, Helman, and Helman East Springs.

MKO01\RPT:02281012.003\ roweto3.all 1-1 07/16/96



The objective of this document is to present a conceptual design for a treatment facility to

remove chlorinated solvents from Rowe Spring.

1.2 LOCATION AND ENVIRONMENTAL SETTING

Rowe Spring is located approximately 1.25 miles east of LEAD and directly adjacent to
Pennsylvania (PA) Route 433. The location of Rowe Spring is shown in Figure 1-1. The

surrounding area is largely rural, with several farms operating in the area.

Rowe Spring emerges from the bed of Rowe Run onto a private property. Rowe Spring is
the main source of constant water flow in Rowe Run. Rowe Run is a tributary to Muddy
Run, which in turn discharges to Conodoguinet Creek. Water from Rowe Spring flows into
a collection box from which a portion is used to water livestock. The remaining water in

the collection box discharges through an outlet pipe in the side of the box to Rowe Run.

MKO1\RPT:02281012.003\roweto3.all ' 1-2 07/16/96
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SECTION 2
SPRINGFLOW CHARACTERIZATION

2.1 FLOW CHARACTERIZATION

A study to determine the quantity of discharge from Rowe Spring was undertaken in
October 1993. After initial attempts to directly measure flow from Rowe Spring using a
weir were found to be ineffective, a new strategy was implemented. Environmental
Science & Engineering, Inc. (ESE) installed stilling wells equipped with automatic data
loggers upstream and downstream from Rowe Spring to measure the stage of Rowe Run at
these locations. Periodically, velocity profiles were taken manually by both ESE and
WESTON upstream and downstream of Rowe Spring to calculate the stream flow rate at
both locations. These manual flow measurements were then paired with the corresponding
stage measurements from ESE’s data loggers to generate upstream and downstream rating

curves.

Best fit regression lines were plotted on log/log paper to provide a method for equating
stream flow rate with the automatic stage measurements. The calculated difference in flow
between the upstream and downstream locations was assumed to be the flow rate of the
spring. This method allowed indirect monitoring of the discharge from Rowe Spring for the
period from 4 November 1993 through 4 November 1994. A summary of Rowe Spring
discharge rates and springflow distributions is presented in Table 2-1 and is illustrated in
Figure 2-1. From the data collected by ESE during this time, the average flow of Rowe
Spring was determined to be approximately 700 gpm, with a maximum flow rate of just ovef

1,800 gpm.

There is some degree of uncertainty associated with this measurement methodology because
of surface runoff and channel storage effects between the upstream and downstream logging
stations. During precipitation events, runoff of rainwater and/or snowmelt reaching Rowe
Run between the two logging stations or at the other springs would be calculated as part of

the spring discharge. For the long-term averages and peak flow estimates, the effects of

MKO1\RPT:02281012.003\roweto3.all 2-1 07/18/96




Summary of Estimated Rowe Stream/Springflow Frequency Distributions

Table 2-1

Period of Record: 11/4/93 to 11/4/94

Rowe Spring:
Hourly Discharge (DS01 - US01)
Frequency (cfs) (gpm)
5% 0.40 180
10% 0.72 325
20% 0.99 442
30% 1.2 530
40% 1.3 600
50% 1.4 649
60% 1.6 700
70% 1.7 772
80% 2.1 941
90% 2.7 1,231
95% 3.7 1,648
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runoff and storage should be minimal. These values are adequate and conservative for

design purposes.

2.2 CHEMICAL CHARACTERIZATION

Previous characterization (1982-1991) of the contamination in the Rowe Spring water
resulted in the VOC concentrations presented in Table 2-2. The predominant contaminant
in the spring water was trichloroethene (TCE), with concentrations ranging from a low of
31 parfs per billion (ppb) to a high of 110 ppb. During the period between 4 October 1993
and 25 April 1996, 34 samples were collected from Rowe Spring and submitted to an
analytical laboratory for volatile organic analyses. Sampling was conducted over two
periods. During the first period, which extended from 4 October 1993 to 15 April 1994,
samples were collected by WESTON. During the second period, which extended from
14 July 1994 to 25 April 1996, samples were collected by ESE. This sampling was performed
to identify and quantify the current VOCs in Rowe Spring so that the amount of
contaminant loading to the eventual treatment system could be determined. Table 2-3

presents the results of these sample analyses.

The results of these analyses indicate that the concentrations of VOCs in Rowe Spring are
highly variable for some individual compounds. In addition, a few individual compounds
were detected only a few times during the entire sampling program. Figure 2-2 presents a
plot of total VOCs in each sample versus the spring discharge measured on that same day
for the samples collected by WESTON in 1993 and 1994. Even though 12 samples were
collected, only eight points have been plotted because on four of the days on which samples
were collected, no flow measurements were able to be taken because of factors such as
flooding, freezing, etc. For those VOCs which were not detected in certain samples, a zero
value was used in the total VOC calculation. An inversely proportional relationship appears
to exist between these parameters over the range plotted. These data indicate that at the
higher Rowe Spring discharge rates the VOC concentrations in the emerging groundwater
are diluted. It is theorized that this dilution occurs from precipitation percolating into the

karst structure and being conveyed to the spring by solution cavities.
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Figure 2-2

Total VOC Concentration vs. Springflow at Rowe Spring
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SECTION 3
DESIGN CRITERIA

3.1 EFFLUENT PERMIT CONDITIONS

The proposed groundwatef remediation system will require a new National Pollutant
Discharge Elimination System (NPDES) permit because it will result in a discharge to
surface water. The discharge limitations contained in the NPDES permit will depend on
the classification of the body of water receiving the discharge. In this case, the receiving
water body will be Rowe Run, which is designated by the Pennsylvania Department of
Environmental Protection (PADEP) as a cold water fishery. However, the discharge from
the treatment facility will be returned to Rowe Run, which is used to water livestock. The
groundwater treatment plant at LEAD currently operates under a discharge permit that
requires it to produce a non-detectable discharge for several organic compounds. Therefore,
the requirement for the proposed treatment facility is that it must produce a non-detectable
discharge using USAEC Method UM20 (U.S. EPA Method 624) for the following
contaminants: 1,1 dichloroethene; tetrachloroethene (PCE); cis 1,2-dichloroethene; trans
1,2 dichloroethene; vinyl chloride; trichloroethene (TCE); chloroform; methylene chloride;
and 1,1,1-trichloroethane (TCA). In addition, the treatment facility must produce a
discharge pH between 6.0 and 9.0 and the concentration of dissolved oxygen and nutrients

must not adversely affect the receiving stream.

Several different discharge criteria are presented in Table 3-1, including the discharge

limitations which the proposed treatment facility will have to meet.

3.2 AIR EMISSIONS PERMIT

The proposed treatment system may require an air pollution control permit from the
PADEP Bureau of Air Quality Management (BAQM). However, because of the small
quantity of volatiles being discharged and the rural location of the proposed facility, BAQM

may allow the emission discharge without a permit. Because BAQM typically discourages
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media-to-media exchange of contaminants (in this case water to air), it is anticipated that
a Request for Determination (RFD) will be required, as a minimum. This RFD will include
a description of abatement measures that will be implemented to prevent uncontrolied
emissioﬁs and a plan for monitoring air discharges. After review of the RFD, a
determination on the necessity of a permit will be made. The submission of an RFD is

typically initiated during the detailed design of the facility.

3.3 OTHER PERMIT REQUIREMENTS

LEAD will have to obtain a Water Quality Management (WQM) Part II (Construction)
permit from the PADEP BWQM prior to construction. The permit application package
consists of the necessary application forms as well as a Design Engineer’s Report that must
be sealed by a Professional Engineer registered in the Commonwealth of Pennsylvania. The

major items that have to be covered by the Design Engineer’s Report include:

° General Information — A description of the proposed facility with layout
diagram and schematic process flow diagram (PFD).

® Detailed description of the proposed treatment processes, including the design
basis, chemical feed systems, pumps, and monitoring equipment.

° A description of the operational flexibility and reliability, such as alarms,
effluent quality control, training, operation and maintenance (O&M) manuals,
and site security.

3.4 RESIDENT CRITERIA

The resident criteria were established by USAEC to reduce or prevent adverse impacts on
the surrounding human and animal populations. The following resident criteria will have

to be met by the proposed treatment technology:

° Background noise level contributed by the treatment technology. The
background noise level goal established by USAEC is 40 dbA or less for this
location. The background noise level contributed by the treatment system
also must not be harmful or attractive to livestock or pets.
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Provide supply of treated water for livestock. A portion of water from Rowe
Spring is currently used to water livestock. The treatment system must supply,
at a minimum, the same amount of water as is currently supplied by the base
flow of Rowe Spring to allow for expansion of the user’s farm operation. The
water supplied to the livestock must meet Safe Drinking Water Act (SWDA)
Maximum Contaminant Levels (MCLs) concerning chlorinated solvent
contaminant concentrations (in the absence of animal standards for the
ingestion of VOCs).

Compatibility with surroundings. The treatment system must be either hidden
from the view of residents or passing motorists, or must be compatible with
existing nearby manmade structures.

3.5 OTHER CRITERIA

The following additional criteria were also considered in evaluating treatment technologies.

Cost Effectiveness. The treatment technologies were evaluated based on their
ability to meet all applicable discharge criteria and resident criteria for the
lowest per unit treatment cost. The treatment systems were also evaluated for
their ability to treat varying flow rates and influent contaminant
concentrations in the most cost-effective manner. Operation and maintenance
cost comparisons between treatment technologies were also performed.

Implementability. The ease with which the treatment technology could be put
into operation. Factors to consider here include permits required, utilities
required, size of system, equipment type and availability, etc.

Maintenance Required. Routine maintenance that must be performed to
keep the technology operating at its maximum performance.

Suitability for Automation. The ability of the treatment technology to be
automated to reduce the amount of time spent by personnel at the site, and
to record operating parameters.

Waste Generated. The amount, type and nature of wastes generated, if any.
Wastes generated would require appropriate disposal.

Current Availability. Current use of the technology to treat VOCs in other
applications and/or availability from vendors.

- MKO1\RPT:02281012.003\roweto3.all 3-4 07/18/96




o Service Life. The length of time that the treatment technology is expected to
be effective in meeting the treatment goals without major maintenance or

replacement.

° Hazardous Materials Storage On-site. The need for hazardous materials
storage on-site, such as treatment reagents.
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SECTION 4
TECHNOLOGY SELECTION

A Technology Selection Report was submitted to USAEC in December 1994. The results

of that selection process are summarized here. The Technology Selection Report is

presented in its entirety as Appendix A.

A preliminary comparison of potentially applicable remedial alternatives was conducted
(WESTON, 1994). Concurrent with this comparison, additional water sampling was
performed to better define VOC concentrations in Rowe Spring. In addition, upstream and
downstream flow measurements were taken by ESE to more accurately assess the discharge
rate from Rowe Spring and to help develop a rating curve that would allow calculation of

spring discharge based on electronically logged water level measurements.

From the original group of approximately 10 remedial alternatives, the focus was narrowed

to the following three technologies, based on the unique constraints of the Rowe Spring site:

° Ultraviolet oxidation with hydrogen peroxide.
° Photocatalytic oxidation with titanium dioxide catalyst.
° Low-profile air stripping.

Each of these three technologies was evaluated in light of the most recent sampling results
and the updated flow estimates. Based on capital and operating costs and the ability to
function over a broad range of flows, the low-profile air stripping technology was selected

for remediating the groundwater at Rowe Spring.
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SECTION 5§
CONCEPT DESIGN

5.1 DESCRIPTION OF FACILITIES

A list of major components for the proposed facility is presented in Appendix B. The
proposed groundwater remediation system consists of a low-profile air stripping system and
associated groundwater collection, conveyance, and post-treatment redistribution systems.
The selected air stripping system is a Maxi-Strip® Model 625 manufactured by Hazleton
Environmental of Hazleton, Pennsylvania. The air stripping system will be located in a
building measuring approximately 22 ft wide x 37 ft long x 11 ft high at the sides and 17 ft
high in the center to be constructed in a field adjacent to Pennsylvania Route 433
approximately 200 ft west of Rowe Spring. The building would be typical of barns and other
outbuildings of the farms in the area. Access to the building would be via a dirt/gravel
road. Figure 5-1 shows the location of the proposed treatment plant building and access to

it. Figure 5-2 is a rendering of the appearance of the finished building.

A process flow diagram for the proposed facility is presented in Figure 5-3. A legend of

appropriate mechanical components and instrumentation is presented in Figure 5-4.

The springbox will need to be demolished and rebuilt. The new springbox will consist of
two compartments, one for withdrawal of groundwater and one for return of treated water.
The compartments will be separated by a baffle that will extend to the top of the
compartment. An overflow pipe has been provided in this compartment that will allow raw
groundwater to overflow to the stream in the event of excessively high spring discharge rates
or in the event of power outages. The springbox will be covered by a small structure, built
to resemble a typical springhouse. An artist’s rendering of this structure is provided in
Figure 5-5. This structure will protect the mechanical and electrical components of the
withdrawal system. In addition, it will be built using construction materials that will

minimize the transmission of noise generated by the withdrawal pumps.
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Water will be conveyed from the springbox to the main treatment facility by means of a
buried pipeline. This pipeline will discharge to the influent equalization tank. A tap will

be located just before the tank to provide a location to collect influent samples.

The influent equalization tank will be a 35,000-gallon concrete tank located in the base of
the treatment building. It will be covered and vented to prevent the uncontrolied discharge
of fugitive VOC emissions. The tank will act as a clearwell, storing raw groundwater until
it can be treated by the air stripping system. This level of water in this tank will also control

the operation of both the air stripping system and the withdrawal system.

The air stripping system will consist of three parallel trains of five module Model 625
Maxi-Strip units. The Maxi-Strip system was selected over other air stripping technologies

for the following reasons:

° Ability to handle suspended solids
o Low maintenance
° Low noise level during operation

Based on an average influent flow of 700 gpm, the influent flow will be split so that under
normal conditions each of the first two trains will receive 350 gpm of flow. The flow to each
train can be increased to a maximum of 500 gpm; therefore, at a maximum flow of 1,500
gpm all three trains would be operating. Vendor information for the Maxi-Strip systems is

provided in Appendix C.

To achieve a greater degree of contaminant removal than can be achieved with the
individual components alone, each individual unit will be configured in series with four other

units within a given train.

The treated water will flow by gravity back to the discharge compartment of the springbox,

where it will ultimately be discharged to Rowe Run.
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All offgases from the Maxi-Strip units and the equalization tank will be ducted to a positive

displacement blower, which will then convey this gas to two vapor-phase carbon units
arranged in series. The positive displacement blower increases the temperature of the
offgas, thereby eliminating the need for a separate heating unit to reduce the moisture in
the gas stream. The carbon units are arranged in series so that any breakthrough that
occurs in the first unit will be controlled by the second unit. When breakthrough does occur
in the first unit, the unit will be taken out of service and the carbon removed and taken off-

site for regeneration. The second unit will then be moved to the first position and a new

unit placed in the second position.
A geotechnical investigation was performed during January 1996 to explore the subsurface

conditions at the site and to formulate recommendations for the design and construction of

the foundation system. The Geotechnical Investigation Report is presented in Appendix D.

5.2 THEORY OF OPERATION

The proposed groundwater treatment facility will be fully automatic and will require very
little operator attention. The majority of operational parameters will be controlled by the
process instrumentation. For example, the operation of the withdrawal pumps will be
controlled by the level of water in the springbox. When the level of water falls below a
certain level, the pumps will turn off, allowing the water level to recover. When the level
is higher than normal, both pumps will operate and more water will be pumped to the
treatment facility. Likewise, the operation of the air stripping system will be controlled by

the level of water in the influent equalization tank.
Some operation attention will be needed for maintenance of the various mechanical

components, such as lubrication. In addition, an autodialer alarm system will be installed

to alert the operator in case of a malfunction.
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5.3 COST ESTIMATE

Estimated capital costs have been prépared for the proposed treatment facility and are
presented in Table 5-1. These cost estimates are considered conceptual level (+30%) and
do not account for special site conditions such as rock excavation, etc. In addition,

permitting and land acquisition costs have not been included.
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Table 5-1

Summary of Capital Costs

Springbox Modifications $22,240
Withdrawal Pumps 20,000
Conveyance and Discharge Piping 6,000
Treatment Building 71,700
Air Stripping Components 422,000
Influent Pumps 18,000
Blower 4,900
Carbon 50,000

Subtotal $614,840
Piping (at 12%) $73,780
Electrical (at 15%) 92,226
Instrumentation (at 8%) 49,187
Site Work (at 5%) 30,742

Subtotal $245,935
Contingency (at 15%) $129,120
Design Engineering (at 10%) 86,000

Subtotal $215,120

TOTAL CAPITAL COST $1,075,895
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APPENDIX A

TECHNOLOGY SELECTION REPORT
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U.S. ARMY ENVIRONMENTAL CENTER (USAEC) DEMONSTRATION OFF POST
GROUNDWATER TREATMENT PLANT
(ROWE, WIRTH, DOZENS, HAWBACKER, AND HELMAN SPRINGS)

Technology Selection Report
13 December 1994

Introduction/Background:

As part of the installation restoration activities being performed at Letterkenny Army Depot
(LEAD), USAEC is currently addressing groundwater contamination at several off-post
springs which contribute to the base flow of a nearby surface stream referred to as Rowe
Run. In the mid 1960’s, the development of a sinkhole in a lagoon at the industrial waste
treatment plant (IWTP) at LEAD released industrial wastewater containing volatile organic
compounds (VOCs) into the groundwater. These lagoons have subsequently been removed
from service and closed in accordance with RCRA requirements. VOCs have been detected

in water samples collected at Rowe, Wirth, Hawbacker, Helman and Helman East Springs.

Based on an initial flow estimate of 100 gallons per minute (gpm), and using limited
analytical data from seven samples collected between 1982 and 1991, a comparison of
potentially applicable remedial alternatives was conducted. Concurrent with this
comparison, additional water sampling was performed to better define the current VOC
concentrations in Rowe Spring. Also, upstream and downstream flow measurements were
taken to more accurately assess the discharge rate from Rowe Spring and to help develop
a rating curve which would allow calculation of spring discharge based on electronically
logged water level measurements. During this period, three additional springs were
identified downstream from Rowe Spring. These springs have been identified as Helman
Springs (East and West) and the Wirth Spring. The discharge rates of these springs were

also estimated.

From the original group of approximately ten remedial alternatives, the focus was narrowed
to the most promising three technologies based on the unique constraints of the Rowe

Spring site. Each of these three technologies were evaluated in light of the most recent
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sampling results and the updated flow estimates. This report presents the results of this

evaluation and presents estimated costs for implementation of each alternative.

Spring Characterization Results:
Flow Measurement:

After initial attempts to directly measure flow from Rowe Spring using a weir were found
to be ineffective, a new strategy was implemented. Environmental Science and Engineering
(ESE) installed stilling wells equipped with automatic data loggers upstream and
downstream from Rowe Spring to measure the stage of Rowe Run at these locations.
Periodically, velocity profiles were taken manually by both ESE and WESTON upstream
and downstream of Rowe Spring to calculate the stream flow rate at both locations. These
manual flow measurements were then paired with the corresponding stage measurements

from ESE’s data loggers to generate upstream and downstream rating curves.

Best fit regression lines were plotted on log/log paper to provide a method for equating
stream flow rate with the automatic stage measurements. The calculated difference in flow
between the upstream and downstream locations was assumed to be the flow rate of the
spring. This method allowed indirect monitoring of the discharge from Rowe Spring for the
period from 04 November 1993 through 02 November 1994. From the data collected by
ESE during this time, the average flow of Rowe Spring was determined to be approximately
700 gpm, with a maximum flow rate of just over 1800 gpm. When the data collected by a
similar method from Helman, Helman East, and Wirth Springs is included, the combined

peak flow estimate for all four springs is 3500 gpm.

There is some degree of uncertainty associated with this measurement methodology due to
surface runoff and channel storage effects between the upstream and downstream logging
stations. During precipitation events runoff of rainwater and/or snowmelt reaching Rowe
Run between the two logging stations or at the other springs would be calculated as part of
the spring discharge. Temporary storage (pooling) of water during such events would also

affect the spring discharge calculations. Consequently, the hourly spring discharge estimates
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should not be used directly for calculation or design. However, for the long term averages
and peak flow estimates, the affects of runoff and storage should be minimal. These values

are adequate and conservative for design purposes.

Chemical Characterization:

During the period between 04 October 1993 and 15 April 1994, twelve samples were
collected from Rowe Spring and submitted to an analytical laboratory for volatile organic
analyses. This sampling was performed to identify and quantify the current VOCs in Rowe
Spring so that the degree of contaminant removal required by the eventual treatment system
could be determined. Table 1 presents the results of these sample analyses. Additional
sampling of the two Helman Springs and Wirth Spring has recently been conducted by ESE

and the results should soon be available.

The results of these analyses indicated that the current concentrations of VOCs in Rowe
Spring have decreased relative to the levels measured in samples collected between 1982
and 1993. In addition, Figure 1 plots total VOCs as measured in each sample versus the
spring discharge measured on that same day. For those VOCs which were not detected in
certain samples, a zero value was used in the total VOC calculation. An inversely
proportional relationship appears to exist between these parameters over the range plotted.
This would seem to indicate that at the higher discharge rates associated with precipitation
events, there are dilution effects on the VOC concentrations of the emerging groundwater.
If this relationship can be further quantified with additional data points, it may be possible

to reduce the amount of equipment necessary in the full-scale design to treat the peak flow.

Evaluation of Technologies:

The initial screening of technologies potentially applicable to treatment of water at Rowe

Spring limited the focus of the alternative selection to three types of systems:

° Ultraviolet Oxidation with Hydrogen Peroxide
L Photocatalytic Oxidation with TiO, Catalyst
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° Low-Profile Air Stripping with Emissions Controls

These alternatives were selected based on their ability to meet the emissions requirements
and the unique residential criteria set by USAEC. Relative to other alternatives, these three
technologies appeared to present the most cost-effective solutions to the VOC
contamination at Rowe Spring. However, at the time the alternatives were screened, the
most recent spring characterization activities had not been completed. The original
screening considered a design flow rate of 100 gpm, which has since been replaced with an
estimated average flow of 700. Additionally, the inclusion of Wirth and Helman Springs has
increased the potential peak flow to over 3000 gpm. As a result, some of the original
alternatives which were eliminated based on the previous spring conditions may need to be
reconsidered to ensure that the three technologies selected for further evaluation are still

the most promising.

In the following sections, a description of each alternative is provided along with discussion
of the advantages and disadvantages associated with each. Implementation issues are
discussed for each in light of the updated flow estimates and recently measured VOC
concentrations. For each alternative, one or more vendors were contacted to provide
estimates of capital and operational costs. These costs have been presented, along with

present worth values to provide a comparison among technologies.

Ultraviolet Oxidation:

Advanced Oxidation Processes (AOPs), also referred to as "ultraviolet oxidation," have been
commercially available for over ten years. These systems combine oxidizing agents such as
hydrogen peroxide with an aqueous waste stream containing organic compounds. In the
presence of ultraviolet light, the formation of highly reactive hydroxyl radicals from the
hydrogen peroxide initiates the oxidation of the target organics. Each compound follows
different oxidative pathways, but ultimately the end products of the reaction are innocuous
organic acids, carbon dioxide, and salts. By this process, the organic contaminants are

completely destroyed and there is no need for residuals disposal.
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There have been significant improvements in advanced oxidation systems since they were
first introduced. One major difficulty that has been overcome is the formation of light-
blocking iron oxide scale on the surfaces of the quartz sleeves surrounding the ultraviolet
lamps. In the first generation systems, this scale dramatically reduced the efficiency of the
systems, and made it necessary to either manually clean the quartz sleeves quite frequently
and/or over-design the capacit}; of system to compensate for this eventual reduction in
efficiency. This problem has since been alleviated through the use of mechanical lamp
cleaning devices which allow the removal of the scale without interrupting the treatment
process. Most systems can also be equipped with programmable logic controllers (PLCs)

to allow remote monitoring and control of the system functions.

Ultraviolet oxidation systems can provide reliable treatment when flow rates and
contaminant concentrations remain relatively stable. When flow rates or concentrations
increase beyond the design conditions, however, the system may provide only partial
treatment. In such cases, both the target compounds and toxic intermediate by-products
could appear in the effluent. Consequently, additional capacity must be built into the system

to handle the peak flows and assure complete destruction of the target organics.

The application of ultraviolet oxidation at the Rowe Spring site would provide a neat,
effective, and unobtrusive solution to the VOC contamination in the groundwater. The units
are quiet, compact, and could easily be enclosed within a small building or underground
vault (assuming the structural integrity of the site geology is sufficient). The operation of
the system could be monitored remotely via the dial-up PLC. Operation and maintenance
visits to the unit would be limited to lamp replacements, refilling of the hydrogen peroxide
tanks, and infrequent equipment repairs. This alternative will create no waste residual and

no air emissions.

Despite these apparent benefits of the ultraviolet oxidation process, its application to a flow
of 700 gpm, let alone 3000 gpm is not common practice due to very high capital costs and
energy consumption. Table 2 provides the cost estimates provided by Solarchem

Environmental Systems of Markham, Ontario for a 700 gpm system with the capacity to
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treat up to 3000 gpm. While operating at the average flow of 700 gpm the unit will require
nearly 1 megawatt of electrical power, and during peak flow, could consume as much as 4
to 5 megawatts. The capital cost for a unit with this capacity is approximately $12 million,
and the annual operating costs which includes electrical power, lamp replacement, and
hydrogen peroxide costs is $950,000. For a 100 year life cycle assuming the equipment is

replaced every 20 years, the present worth of this alternative is $38 million.

Photocatalytic Oxidation with TiO,:

A potentially more cost effective, but less proven, technology for the treatment of VOCs in
groundwater at Rowe Spring is photocatalytic oxidation. Like ultraviolet oxidation, the
process is an oxidative process which completely destroys organic contaminants in aqueous
streams. Unlike the conventional ultraviolet oxidation process, the photocatalytic process
implements a titanium dioxide (TiO,) catalyst to form the hydroxyl radicals. The catalyst
can be suspended as a slurry in the water to be treated, or it can be fixed on a surface which
the water passes over. Regardless of the state of the TiO,, in the presence of ultraviolet

light, electrons are emitted from the catalyst and become available for oxidation reactions.

Similarly, the positively charged "holes" left by these electrons also become reaction sites.
Ultimately, the reactions with both the "holes" and the electrons lead to the formation of

hydroxyl radicals which in turn oxidatively destroy the target compounds.

The photocatalytic process is subject to the same advantages as ultraviolet oxidation,
including quiet operation, compact profile, complete contaminant destruction, no generation
of waste residuals, remote monitoring via PLC, no air emissions, and low maintenance
requirements. Additionally, the photocatalytic process can be designed without the need for
hydrogen peroxide addition, thus eliminating -the need for onsite storage of hazardous
materials and eliminating site visits to refill hydrogen peroxide tanks. Additionally,
photocatalytic units generally consume less power than similar sized conventional ultraviolet

oxidation systems.
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Despite the advantages that the photocatalytic technology has over conventional ultraviolet
oxidation, it is equally susceptible to large fluctuations in flow. As a result, the capacity of
the system needs to be over-designed to handle peak flow situations, or else equalization
tanks need to be included to temporarily store the water during peak events. Equalization

tanks would not be feasible at Rowe Spring where the average flow of 700 gpm sometimes

peaks to as high as 1800 gpm.

Cost estimates for a 700 gpm system with the capacity to treat up to 3000 gpm were
provided by Purifics Environmental Technologies of London, Ontario. Capital costs for the
system were estimated at $5,340,000 with yearly operation and maintenance costs of
$195,000 which includes electrical power at an average of 200 kilowatts and lamp
replacements. For a 100 year life-cycle at 5% interest with capital equipment replacements

every 20 years, the present worth was calculated at $12,400,000. These costs are presented
in Table 3.

Air Stripping with Vapor-Phase Carbon:

Air stripping is the conventional technology for treating VOCs. Air strippers are typically
configured in large towers containing porous packing materials over which the VOC-laden
water flows by gravity. Simultaneously, air is blown countercurrently upward and in the
process the VOCs, which have an affinity for the vapor phase, volatilize out of the water and
are captured in the passing air stream. Once captured in the vapor phase, the VOCs can
either be vented to the atmosphere or treated further, depending on the concentrations. If
further treatment is required by regulatory agencies, VOCs in the vapor phase can be

thermally incinerated, catalytically oxidized, or adsorbed to activated carbon.

For the compounds identified in the Rowe Spring water, air stripping is a very effective
technology for removing the VOCs from the water. During the initial screening of
alternatives, packed tower air strippers were eliminated due to their conspicuous dimensions

and substantial blower noise. Instead, low profile air strippers were retained because of
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their smaller size and the potential that the noise could be eliminated by placing them

within a structure or underground vault.

Two types of low-profile air strippers have been investigated for potential application at
Rowe Spring. The first is Shallow Tray strippers in which the springwater}would be passed
through a series of baffled aeration trays. Air is blown up through holes in the bottom of
the trays forming a froth of bubbles which provide a large surface area for transfer of the
VOCs to the vapor phase. The second type of stripper is the Maxi-Strip System
manufactured by Hazleton Environmental. This low-profile air stripping - technology
implements turbulent jets of water to create large surface area, rather than packing material
or trays. In addition, the jets are self-aspirating and, therefore, there is no need for noisy

blowers.

The implementation of low profile air stripping at the Rowe Spring site could be
complicated by a requirement for air emissions controls. Fortunately, the total mass of
VOCs produced by the air stripper operating at the average flow of 700 gpm will be less
than one pound per day. Vapor phase activated carbon would provide a simple method for
treating these VOC air emissions. A 10 ft. diameter vessel filled with 8000 pounds of
carbon would provide adequate capacity for five years of continuous operation. As a result,
the operation and maintenance (power and repairs) for both systems are low. As a result,
the total present worth values for the Shallow Tray and Maxi-Strip low profile air stripper
systems are $1,300,000 and $1,800,000 respectively. Tables 4 and 5 summarize these present

worth values.

Conclusion and Recommendation:

An evaluation matrix is presented in Table 6 as a tool for comparing and evaluating the
three technologies retained for this alternative selection. All three technologies are effective
for VOCs and could be implemented at the Rowe Spring site. However, there is a dramatic
difference in cost among the three technologies that appears to favor the selection of low-

profile air stripping technologies over ultraviolet and photocatalytic oxidation. The costs
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presented are only for the treatment of the springwater. They do not include the costs of
the springwater collection or transfer to the treatment plant, which are independent of the
alternative selected, and which will be estimated after the contributions from the Wirth and

Helman Springs have been finalized and the treatment plant location has been determined.

Ultraviolet oxidation would provide a reliable treatment alternative, but both the capital and
O&M costs are prohibitive. In addition, this alternative will require the storage of
hazardous materials onsite, including hydrogen peroxide and acids and bases for pH
adjustments.  Such storage is likely to be unacceptable to the property owners.
Photocatalytic oxidation is an attractive alternative to ultraviolet oxidation because it would
not require any onsite storage of chemicals, yet it would provide the same destructive
treatment of VOCs without producing any residual wastes. Nevertheless, this alternative

also has significant capital and operational costs associated with it.

Two different configurations of low-profile air strippers were evaluated in this selection
process, Shallow Tray Air Strippers and Maxi-Strip Systems. Both systems would remove
the VOCs from the springwater by transferring them to the vapor phase where they then
would need to be removed by vapor phase activated carbon. Because the VOC
concentrations measured in Rowe Spring are in the low parts per billion range, a single
vapor phase carbon unit will have enough capacity for five years of continuous operation
without requiring a carbon replacement. These low operation and maintenance costs
coupled with relatively inexpensive capital equipment make low profile air strippers the best

choice for Rowe Spring.

At this point, it would be difficult to make a definitive decision between the Shallow Tray
and Maxi-Strip Systems. The Shallow-Tray system proved the least expensive alternative
with a present worth of $1.5 million, but there is also the issue of blower noise which needs
to be addressed. The Maxi-Strip system was a close second in present worth at $2.5 million,
but it holds promise of being more quiet than the Shallow Tray units due to its operation
without a noisy blower. Additional research into the availability and operations of low-

profile air strippers should be performed before a specific configurations is selected.
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Table 1
Rowe Spring Sampling Results

Summary of Detected Organics (All values are in micrograms per liter)

SAMPLE #] DATE |Chioroform]1,1-Dichloroethene] 1,2-Dichloroethenes|1,1,1-Trichloroethane| Trichloroethene

1

4-Oct-93

6.1

0.48

10

27

5 29-Dec-93 1.6

<0.50 33

6.1

18.8

26-Jan-94

11 1-Apr-94 <0.50

<0.50 5.7

3.97

The following compounds were also analyzed but were not detected in any of the samples collected.
The lower detection limit for each analyte measured in micrograms per liter is presented in parentheses.

Acetone (13.0)

Benzene (0.50)
Bromodichloromethane (0.59)
Bromoform (2.6)
Bromomethane (5.8)

Methy! ethyl ketone (6.4)
Carbon disulfide (0.50)
Carbon tetrachloride (0.58)
Chlorobenzene (0.50)
Chloroethane (1.9)
2-Chloroethy! vinyl ether (0.71)
Chloromethane (3.2)
Dibromochloromethane (0.67)
1,1-Dichloroethane (0.68)
1,2-Dichloroethane (0.50)
1,2-Dichloropropane (0.50)
cis-1,3-Dichloropropene (0.58)

trans-1,3-Dichloropropene (0.70)

Ethylbenzene (0.50)

Methyl n-buty! ketone (3.6)
Dichloromethane (2.3)
Methyl isobutyl ketone (3.0)
Styrene (0.50)
Tetrachloroethane (0.51)
Tetrachloroethene (1.6)
Toluene (0.50)
1,1,2-Trichloroethane (1.2)
Trichlorofluoromethane (1.4)
Vinyl acetate (8.3)

Vinyl chloride (2.6)

Xylenes (0.84)

Acrolein (100)

Acrylonitrile (100)
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Total VOCs (ppb)

Figure 1
Total VOC Concentration vs. Springflow at Rowe Spring
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Table 2

Cost Estimate for Ultraviolet Oxidation

Capital Costs (3000 gpm): $12,000,000
e Solarchem Environmental Systems, Inc.

Yearly O&M (based on 700 gpm) $950,000
e Power (1 MW @ $0.06/kWhr)

e Lamp replacements (every 3000 hrs.)

Total Present Worth (based on 100 years at 5% interest | $38,000,000
with capital equipment replacement every 20 years)
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Table 3

Cost Estimate for Photocatalytic Oxidation

Capital Costs (3000 gpm): $5,340,000
e Power Distribution Cabinet
e TiO, Reactor Subsystem
e TiO, Separation System

Yearly O&M (based on 700 gpm) $195,000
e Power (200 kW @ $0.06/kWhr)
e Lamp replacements (every 8000 hrs.)

Total Present Worth (based on 100 years at 5% interest $12,400,000
with capital equipment replacement every 20 years)
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Table 4

Cost Estimate for Low-Profile Air Stripping
(Shallow Tray Air Strippers)

Capital Costs (3000 gpm):

e Four Shallow Tray Model 81241 Units $450,000

e Calgon Vapor Phase Carbon Unit (10 ft. dia.) $36,000

e Initial Carbon Supply ($2.30/1b. includes $18,000

regeneration and transportation costs)

$504,000 Total

O&M (based on 700 gpm)

e Power (65 kW @ $0.06/kWhr) $34,000 per year

e Carbon replacements (8000 Ibs.) $18,000 per 5 yrs.

Total Present Worth (based on 100 years at 5% interest with $1,500,000

capital equipment replacement every 20 years)
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Table 5

Cost Estimate for Low-Profile Air Stripping
(Hazleton Environmental Maxi-Strip)

Capital Costs (3000 gpm):

e Six parallel trains of 5-Module $733,000
Model 625 units
e Calgon Vapor Phase Carbon Unit (10 ft. dia.) $36,000
e Initial Carbon Supply ($2.30/1b. includes $18,000
regeneration and transportation costs)
$787,000 Total
O&M (based on 700 gpm)
e Power (113 kW @ $0.06/kWhr) $59,000 per year
e Carbon replacements (8000 Ibs.) $18,000 per S yrs.

Total Present Worth (based on 100 years at 5% interest with $2,500,000
capital equipment replacement every 20 years)
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Table 6

Comparison of Alternatives

Alternative Ultraviolet Photocatalytic Low-Profile Low-Profile Air
Oxidation Oxidation Air Stripping Stripping
Alternative Solarchem Purifics Shallow Tray Air Hazleton
Example Strippers Environmental
Maxi-Strip
Potential NPDES NPDES NPDES/Air NPDES/Air
Permits
Power/Utility 1000 kW @ 480 | 200 kW @ 440 65 kW @ 230 113 kW @ 230/460
Requirements VAC, 3-phase VAC, 3-phase VAC, 3-phase VAC, 3-phase
PLC Control Yes Yes Yes Yes
Auvailability '
Waste None - None 8000 Ibs. of spent 8000 Ibs. of spent
Generation carbon every S yrs. | carbon every 5 yrs.
Onsite hydrogen peroxide, None None None
Chemical acid, and base
Storage
Noise Levels Quiet Quiet Blower Noise Quiet

Worth ™

Required 3 lamp changes yearly lamp Carbon changeout | Carbon changeout
Maintenance” per year, plus replacement every S years every 5 years
refills of peroxide,
acid, and base
Total Present $38,000,000 $12,400,000 $1,500,000 $2,500,000

* Required maintenance in addition to the routine maintenance (i.e. replacement of pumps, valves, PLCs,
etc.) that all alternatives will encounter.

** Present worth based on 100 years at 5% interest with capital equipment replacement every 20 years.
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APPENDIX B

MAJOR EQUIPMENT LIST
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MAJOR EQUIPMENT LIST

1) Withdrawal Pump

Quantity: 2
Type: Vertical Turbine
Capacity: 750 gpm

2) Influent Equalization Tank
Capacity: 35,000
Construction: Concrete
Dimensions: 36 x20x 8

3) Low Profile Air Stripping System
Function: Removes volatile organic compounds from aqueous

phase media

Model: | Hazleton Environmental Model 625
Quantity: 3 parallel trains of 5 units

Capacity: 5-500 gpm per train V

Accessories: Control Package

Offgas Recirculation Package
Recirculation Pumps & Piping

4) Influent Pumps

Quantity: 4 (3 main, 1 spare)
Type: Centrifugal
Capacity: 500 gpm

5) Offgas Blower
Quantity: 1
Type: Positive Displacement
Capacity: 3,000 scfm

6) Vapor Phase Carbon
Function: Removes volatile organic compounds vapor phase media
Quantity: 2
Capacity: 3,000 scfm at 4 psi
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APPENDIX C
HAZLETON ENVIRONMENTAL VENDOR INFORMATION

(Inclusion of this information does not imply endorsement.)
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Maxi-Strip" Systems
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MAXI-STRIP® on the test floor

In developing the patented Maxi-Strip®
System. Hazleton Environmental has
overcome the difficulties conventional air
strippers experience with water containing
high concentrations of suspended and
dissolved solids.

Patent No. 4,954,147

s S R L SR i e e i T

HOW IT WORKS
Maxi-Sirip®

The Maxi-Strip® is the heart of the system
which is engineered to take advantage of
Hazleton'’s design advances in fiuid
dynamics.

The Maxi-Strip® uses highly turbulent jets of
water to shear and accelerate fluid films in
an open bore. The microturbulence
achieved in the bore creates the large
surface area which is normally produced
by packing or trays in a tower type air
stripper. The same films and jets also
aspirate air, eliminating the need font. . {
blowers.

The Maxi-Strip® was designed to cope with
the iron and biological concentrations
associated with ground water remediation
and highly loaded waste streams. Early
stage development of this technology was
to oxidize and precipitate high
concentrations of metals from mine
drainage and metallurgical industries.
Commercial units are cumrently in use to
precipitate iron from acid mine drainage,
coal pile runoif and maintenance wastes
at several coal mines and power plants.
Maxd-Tank ™

The Maxi-Tank™ acts as a sump to collect
the water discharged from the Maxi-Strip®,
allowing the off gas o separate and be
collected.

Engineered with a “gravity in gravity out”
flow concept, the simple two baffle design
limits dilution and allows infinite flow
tumdown. Infinite tumdown means the
system will strip along a defined curve from
the hydraulic limit of the tank downto1
gpm without flooding or channeling. Zero
flow operation can go on for several hours,
making batch operation possible.
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The Hazleton Maxi-Strip® System eliminates the need for pretreatment and the costs associated
with stripping VOC contaminated water that contains high concentrations of iron, suspended/

dissolved solids, and bio slimes.

Primary Air Inlet Deflector Plate
\ 7

- E—-—Water inlet1

Secondary Air

Deflector
Feed Nozzles -

Diverging_;r. =
Nozzies 1
l
|

Stripping —
Chamber |

\
|
{
1

o s g ue B

. A\
Containment g/ -

Nozzles 5

Coalescing
Chamber
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) Four Mo-dule Systerh- nlscharge
APPLICATIONS OPTIONS
e Ground Water Remediation e Off gas treatment available to
* Storm Water Run Off ‘ . meet air emission standards.
e Storage Tank Bottom Water e Pilot units available
e Pump Test Water Decontamination '

Short Term Clean-up

By installing @ Maxi-Strip® system to remove VOC contaminants, you will:
e Reduce operation and maintenance costs because there are no packing materials to plug.
e Eliminate “tuning” of balancing blower air with waterflows because there are no blowers.

e Earn the lowest cost of ownership, because the only moving parts are centrifugal pumps
that are simple to maintain and require no special equipment or training. ,

HAZLETON ENVIRONMENTAL
125 Butler Drive
Hazleton, Pennsylvania 18201
Phone 717-454-7515 ¢ FAX 717-454-7520 @® Begse




Hazleton

FEATURES

* Hydraulic Jet Aspirating Stripper

e Self Cleaning/Auto Decontamination
e Self Contained Modular Design

e Quick Connect System Design

e Trailers Easily

* Computer Modeling of Contaminants
e Prewired - piped - factory tested

e Complete Technical & Field
Support Available

: . >_.——-— o Py
Off-gas Carbon Canisters Removed For Clarity

Field tested computer simulation is used
to design the optimal system for your application.

Maxi-Strip” Sysem

BENEFITS
o 99.9% Removal rates.

* 1-100gpm flows.

e Minimal start-up / take down
time required. ’

e Provides worry-free installation
and operation.

e Eliminates pretreatment; no packing ©
trays to foul from high iron or
suspended)/dissolved solids. 10
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The Hazleton Maxi-Strip® System eliminates the need f

or pretreatment and the costs associated

with stripping VOC contaminated water that contains high concentrations of iron, suspended/

dissolved solids, and bio slimes.

S . | Rl
Four Moduie System

APPLICATIONS

e Ground Water Remediation

e Storm Water Run Off

e Storage Tank Bottom Water

e pump Test Water Decontamination
e Short Term Clean-up

Primary Air Inlet Deflector Plate
) | 7
! Water Inlet 1
Deflector : ~ -
Feed Nozzles ‘- e Secondary Air
L ‘ . Inlet
Diverging — 7
Nozzles ; 1L
Stripping — 1 %—Waterlnletz
Chamber N Wiy
A )
Containment 7 ¥
Nozzles il - _
! - Coalescing
B ; Chamber
s ol 111
Discharge
OPTIONS

e Off gas treatment available to
meet air emission standards.

* Pilot units available.

By installing a Maxi-Strip® system to remove VOC contaminants, you will:

e Reduce operation and maintenance costs because there
s because there are no blowers.

(o

Eliminate “tuning” or balancing blower air with waterflow

Earn the lowest cost of ownership, because the only moving parts are centrifugal pumps

-, That are simple to maintain and require no special equipment or training.

HAZLETON ENVIRONMENTAL
125 Butler Drive
Hazleton, Pennsylvania 18201
Phone 717-454-7515 *® FAX 717-454-7520

are no packing materials to plug.

Recycle:
Pa;yer




Hazleton
\ Maxi-Strip’ SysTe

FEATURES

* Hydraulic Jet Aspirafing Stripper

¢ Self Cleaning/Auto Decontamination
e Self Contained Modular Design

e Quick Connect System Design

* Trailers Easily

e Computer Modeling of Contaminants
e Prewired - piped - factory tested

e Complete Technical & Field
Support Available

BENEFITS :
* 09.9% Removal rates.

* 1-100 gpm flows.

e Minimal start-up / take down
time required.

e Provides worry-free installation
and operation.

e Eliminates pretreatment; no packing ¢
trays to foul from high iron or -
suspended)/dissolved solids. :

Off-gas Carbon Canisters Removed For Clarity

Field tested computer simulation is used
to design the optimal system for your application.
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MAXI-STRIP® SYSTEM

The Maxi-Strip® System is an extremely
flexible modular design. The number of
modules is determined by the flow through
the system and the effluent quality
required.

Each module is complete with; stripper,
tank and a small pump. Flow into and out
of a module is by gravity so multiple
modules are simply bolted together.

The flexibility is apparent when conditions
change. Fora significantly different
influent concentration or flow, just add a
module or tum one off as required. Flow
changes are only limited by the hydraulic

capacity of the tanks.
MODULE CAPACITY
Model gpm gpm Alr Flow*
Number min max acim
100 1 100 227
-350 1 350 795
500 1 500 1,136

*Indicates maximum airfiow. Within a system the airfiow
can be reduced by recirculation.

MODULE SIZE
Model Width Length Height
Number Inches Inches inches
100 14 100 60
350 45 150 100
500 52 160 180

Dimensions include stripper and pump.

COMPUTER MODELING is used to size an
application and predict the performance
of an operating system.

ADVANTAGES

DIFFICULT TO PLUG the Maxi-Strip® System
has no packing to foul when water
contains iron, sediment or biological
contaminates.

MAINTENANCE inspections are conducted
on site, by non-technical personnel, who
can remove, repair or reinstall unit
components in hours without special tools
or equipment.

LOW PROFILE at nearly 1/4 the height of a
packed tower, the Maxi-strip System will not
stick out in residential areas and can
usually fit into existing facilities.

LOW COST INSTALLATION minimal site
preparation, equipment and time required.
Systems can be placed on any level
surface.

NO BLOWER NOISE allows operation in
sensitive areas.

NO TUNING a constant flux ratio and infinite
turmdown eliminate tuning, one switch...to
tum the unit on or off.

IMPOSSIBLE TO FLOOD OR CHANNEL

TRAILER MOUNTING AVAILABLE the system
can be transported and operated in an
enclosed trailer.

COMPANY BACKGROUND

Hazleton Environmental was formed to
serve the needs of the growing water freat-
ment industry. Our products and processes
are patented and represent many years of
development in the treatment of water for
the coaql, steel, and power industries. Our
staff can provide full engineering design.
construction and start-up support for our
systems. We can provide the best system fo
fulfill your requirements.



| Single Module System
HAZLETON

Maxi-Strip®

Recirculation
Pump

Off Gas
Outlet

Dilution Control
Baffie

Maxi-Tank ™

Effiuent

Gravity Flow
Main Collection Connection
Chamber
Drain
Influent
Gravity Aow
Connection
Optional Hydrogen
Peroxide Injection
Port (LV tube
not shown)
o
Represented by: : @ -
HAZLETON ENVIRONMENTAL
125 Butler Drive

Hazleton, PA 18201
Phone 717-454-7515 FAX 717-454-7520
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APPENDIX D

GEOTECHNICAL INVESTIGATION REPORT
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1.0 INTRODUCTION

The geotechnical investigation reported herein was performed for the US. Army
Environmental Center (USAEC) in conjunction with the proposed design and construction
of an off-post groundwater treatment plant near the Letterkenny Army Depot (LEAD) site
in Chambersburg, Pennsylvania. The purpose of this investigation was to explore the
subsurface conditions at the site of the proposed construction in order to formulate
recommendations for the design and construction of a foundation system for the proposed
facility, as well as related site earthworks. The scope of work included completion of a
subsurface exploration program by test borings, laboratory testing of recovered soil samples,
engineering analysis of the available geotechnical data, development of recommendations,

and preparation of this report.

2.0 PRODUCT DESCRIPTION

The proposed groundwater treatment plant structure will be located on farmland adjacent

to Rowe Run Road approximately 1% miles northeast of the Letterkenny Army Depot main
gate in Chambersburg, Pennsylvania. The structural footprint of the proposed structure will
be approximately 24 feet by 37 feet (i.e., approximately 900 ft?). It is understood that the
finished floor elevation of the structure and the top of concrete slab elevation will
approximately match the existing site grades. It is further understood that no below grade

structures or depressed areas within the structural footprint are proposed.

3.0 SITE CONDITIONS

The site of the proposed construction presently consists of farmland which is in active
production at the present time. The existing ground surface elevation within the footprint
of the proposed construction ranges from approximately 646 feet to 644 feet, generally
sloping from south to north. The site lies directly behind the current residence of Mr.
Gerald Anthony. Existing structures immediately adjacent to the site include é double wide
trailer homg, wooden deck and storage shed as shown on Figure 1, Site and Boring Location
Plan.

2682.rdt 1




4.0 SUBSURFACE CONDITIONS

Subsurface conditions in the vicinity of the proposed construction were investigated by
installing a total of two (2) test borings located as shown on Figure 1, Site and Boring
Location Plan. As noted in‘this Figure, the borings had to be offset from the proposed
structural footprint because of the presence of overhead electric lines and other site access
constraints. The individual boring logs are presented in Appendix A. The subsurface
stratigraphy at the boring locations, the Standard Penetration Resistance (i.e., "N") values,
and the classification of the various soil and bedrock materials encountered during the
drilling work are presented on the logs. The stratigraphic interface depths and elevations

are also presented on the logs as well as groundwater information.

The test borings were completed by Testwell-Craig Test Boring Company of Mays Landing,
New Jersey, under the supervision of a WESTON Geotechnical Engineer who directed the
boring work, classified the soils encountered in accordance with the Unified Soil
Classification System, and prepared continuous boring klogs. The boring locations were
established by taping from the back corners of the existing Anthony home. Approximate
ground surface elevations were determined from the topographic maps of this site prepared

as part of this project. The test borings were drilled on January 4 and 5, 1996.

The test borings were completed using a truck-mounted drill rig and were conducted by
advancing hollow stem augers. Samples of the subsoils were recovered from the borings for
identification and classification purposes by means of a two-inch O.D. split barrel sampler
driven 18 inches by a 140-pound hammer freely falling 30 inches (the Standard Penetration
Resistance Test, ASTM D-1586). The number of hammer blows required to drive the
sampler during the interval from 6 to 18 inches, or fraction thereof, is reported on the test

boring logs as the "N value”.

The site of the proposed construction lies within a limestone bedrock environment.

Overburden materials consist of fine grained residual soils derived from weathering of the
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parent bedrock and underlie 6 to 12 inches of topsoil. The encountered subsurface

materials are discussed in greater detail in the following paragraphs.

The residual overburden soils were geotechnically logged as brown sandy silty clay of
medium plasticity which grades with depth to a lower plasticity brown sandy clayey silt.
These materials classify as CL (sandy silty clay) and ML (sandy clayey silt) according to the
Unified Soil Classification System (USCS). The N values encountered within the sandy silty
clay soils range from 14 to 31 blows per foot. Within the underlying sandy clayey silt soils,

the N values range from 25 blows per foot to 79 blows per 11 inches of penetration.

Auger refusal on intact limestone bedrock was encountered at depths of 13.0 and 17.0 feet
in the two borings. A total of 20 feet and 15 feet of bedrock was cored in Borings B-1 and
B-2, respectively. The B-1 core run indicates that significant weathering of the limestone
bedrock has occurred which has created fine-grained soil inclusion zones within the rock
which was washed away quickly with the core water. This in turn caused the core barrel to
drop more rapidly through these eroded soil zones within the rock as documented on the
boring logs. The B-2 core run indicates the presence of fresh, intact, solid rock at this
location. The measured "Percent Recovery” and "Rock Quality Designation” (RQD) values

for the various S foot core runs are also presented on the logs.

Groundwater was encountered during the drilling work at depths of 7.5 and 7.0 feet in
Borings B-1 and B-2, respectively. It is noted that groundwater levels are subject to daily

and seasonal variations dependent on climatic conditions.

5.0 LABORATORY TESTING PROGRAM

A limited number of physical property tests were completed in our Geotechnical Laboratory
in Lionville, Pennsylvania on selected, representative split-spoon soil samples. These test
results were used to define stratigraphical continuity, to enable proper classification of these
materials according to the Unified Soil Classification System (USCS), and to serve as indices

to soil behavior. These tests consisted of Grain Size Distribution by Sieve and Hydrometer
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Analysis (ASTM D421/422), Atterberg Limits (ASTM D4318), Natural Moisture Content
(ASTM D2216), and Moisture, Ash and Organic Content (ASTM D 2974). The results of

these tests are presented in Appendix B.

6.0 FOUNDATION CONDITIONS

The presence of dense, stable overburden soils in combination with the light structural
loadings warrants a shallow foundation system for support of the structure. This foundation
system would normally consist of concrete spread/wall footings for support of the building
superstructure, and concrete mat foundations for support of equipment, tanks, etc. within
the structure. However, because of the presence of highly weathered, compressible and
possibly voided limestone bedrock directly beneath the structure as evidenced by the rock
coring results, it is deemed appropriate to use a shallow foundation support system which
can be structurally designed to span over areas of localized differential settlement and/or
overburden soils which have collapsed into underlying void spaces within the rock. This type
of shallow foundation system typically consists of a large single concrete mat foundation
which extends over the entire building footprint, and is structurally designed with adequate
concrete thickness and steel reinforcement to span over a loss of support area as specified
in the design. Based on the results of our subsurface investigation program, this loss of
support area should be assumed to be of circular geometry with a diameter of 5 feet.
Detailed recommendations pertinent to this selected foundation system, as well as related
earthworks design and construction recommendations, are presented in the remaining

sections of this report.

7.0 RECOMMENDATIONS
7.1 Site and Subgrade Preparation

Before construction commences, all topsoil, root mass, trees and other vegetation and
rootmass should be removed from within the limits of the proposed structural footprint.
These materials may be reused in other areas of the site adjacent to the structure in which

grading fill is required consistent with the developed final grading plan for the construction.
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7.2 Shallow Foundations

The proposed structure should be founded on a concrete mat foundation bearing on the
insitu residual soils or on compacted undercut backfill as discussed subsequently. The mat
foundation should be proportioned for combined dead and live loadings so as not to exceed
an allowable bearing pressure of 1,500 psf. The mat foundation should include a perimeter
frost wall which bears at least 2.5 feet below immediately adjacent finished exterior grades
for protection of the mat against frost heave. The mat foundation should be structurally

designed to span over a 5 foot diameter loss of support at any location within the mat

footprint.

Following excavation of thé surficial soils to the foundation bearing grades, the entire
subgrade surface should be both handprobed by an Inspecting Engineer and proofrolled on
grade until dense and stable using a heavy-duty, smooth drum roller. Should soft, weak or
otherwise unstable areas be detected by the handprobing and/or proofrolling, these
materials should be undercut until dense, stable insitu materials are encountered. The
undercut surface should subsequently be compacted on-grade until dense and stable,
followed by backfill of the undercut zone to the design subgrade elevations using compacted
fill which is placed and compacted using controlled, thin-lift construction techniques as

discussed in a subsequent section of this report.

Before concrete placement, a 4-inch thick granular base course should be placed over the
entire subgrade surface. The base course should consist of a washed gravel or washed
crushed stone that is graded between a maximum particle size of 1% inches and the No. 4
sieve, with not more than 10 percent finer than the No. 4 sieve, such as AASHTO Coarse

Aggregate No. 57.
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7.3 Sinkhole Mitigation

As discussed previously, the site of the proposed construction is underlain by calcium
carbonate bedrock (i.e., limestone). This material is water soluble and can dissolve in
groundwater. If sufficiently developed, this dissolution process can result in the formation
of voids within the rock mass. If these voids become sufficiently large in size, the

overburden soils can collapse into the void space. The surface manifestation of this process

is a sinkhole.

The development of sinkholes can seriously impact the performance of shallow foundations
founded in overburden soils above calcium bedrock deposits. In order to reduce the
potential for sinkhole development, various design and construction measures can be
implemented as discussed below. The common theme of the various measures is that
surface water should be prevented from infiltrating into the subsoils, particularly at

concentrated locations near the proposed structure.

Design Measures

1. Water-bearing utilities should not run adjacent to foundations.

2. Roof drains should be tied directly into the storm drain system which in turn
should discharge to Rowe Run creek. Collected rainwater should not be
allowed to discharge onto the ground.

3. Storm drains should be made as watertight as practical by using reinforced
concrete pipes with O-ring joint gaskets, etc.

4. Dense-graded, impervious pavement should be used. Junctures with curbs
and catch basins should be sealed with hot liquid asphalt.

S. Minimize the depth of cut in building and parking areas to avoid removal of
natural impervious capping material.

6. Landscaped areas should be graded to promote rapid runoff away from the
structure. Landscaped areas located immediately adjacent to structures
should be minimized.

7. Unpaved swales should be avoided.
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Construction Measures

L During site grading, avoid leaving depressions that can fill with rainwater.
After a storm, pump out any such puddles that occur. Grade to promote
rapid drainage away from the construction.

2. Do not excavate outside foundations that cannot be cast the same day, unless
it is certain that precipitation will not occur overnight.

3. Backfill foundations as soon as possible to avoid water from ponding around
foundations. Quickly pump out any ponding that occurs.

4. Construct storm drains carefully to avoid any open joints. Carefully seal pipe
lifting holes with cement. Reject cracked or broken pipe sections. Carefully
seal joints at catch basins and manholes.

5. Any sinkholes that occur or that are uncovered by excavation should
immediately be addressed and properly remediated.

7.4 Compacted Fill

Compacted fill may be required as undercut backfill (Class A fill) or for general site grading
purposes (Class B fill). All compacted fill should be placed and compacted in accordance

with the following recommendations:

7.4.1 Fill Materials

Class A fill should consist of imported, non-plastic, select granular material having a
maximum particle size of 2-inches with not more than 10 percent finer than the No. 200
sieve, such as AASHTO Coarse Aggregate No. 2A or PennDOT 2RC. Class B fill should
consist of the clayey or silty soils which may be excavated within required undercut zones
beneath the structural footprint as part of the proposed construction. (Class A fill may also
be used for site grading purposes if undercutting is not required beneath the structural
footprint.) It must be noted that the Class B fill soils will be extremely moisture sensitive
and may be difficult to compact if the moisture content of the soil mass is not at, or very
close, to its optimum moisture content. The Class B materials are most effectively placed

and compacted in hot and dry weather conditions.
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7.4.2 Fill Compaction

All compacted fill should be placed in approximately horizontal lifts not exceeding a loose
thickness of 8-inches. Compacted fill placed as undercut backfill for the support of the mat
foundation and as site grading fill which will support structural loadings including sidewalks
and roadways should consist of Class A material which is compacted to at least 95 percent
of the maximum dry density as determined by the Modified Proctor Compaction Test
(ASTM D-1557). Compacted fill which is placed for general site grading requirements (i.e.,
landscaping fill) and which will not support any structural elements should consist of Class

B material which is compacted to at least 90 percent of the maximum modified dry density.

7.5 Construction Inspection

It is recommended that all foundation construction and related earthworks activities be
inspected on a full-time basis by a qualified Geotechnical Engineer or Technician who is
thoroughly familiar with the site subsurface conditions, general shallow foundations and
earthworks construction techniques, and the project design requirements. The Geotechnical
Engineer/Technician should observe and document the construction activities and complete
appropriate field tests, as necessary, t0 determine that the construction is performed in

accordance with the plans, specifications, and good construction practice.
8.0 LIMITATIONS

All conclusions and recommendations presented in this report are based on the assumption
that the subsurface conditions do not deviate appreciably from those disclosed by the test
borings and are subject to confirmation and revisions based upon our review of the final
plans and specifications covering pertinent details of the proposed construction. These
conclusions and recommendations must also be based on the premise of competent field

engineering and inspection during construction.
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WESTON SOIL BORING LOG PAGE 1 OF 2
Job Name USAEC- Letterkenny |Boring No. B-1 Groundwater Level
Job No. 02218-012-003 Surface Elev. |645' Date Depth
Date Drilled Jan. 4, 1996 Boring Method Hollow Stem Auger 1/5/96 7.5 feet bgs
Drilling Co. Craig Test Boring Co. |Completion Depth | 37.0 ft bgs
Drill Foreman Bob Kimley Location G. Anthony property
Logged By Brian Miller on PA route 433.
Depth || Sample | Sample Sample N ) o Stratum % % Laboratory
(feet) No. Type* | Blow Counts* | Value* Visual Descrlptlon Elev. Rec | RQD Tests
(per 6 in.)
B S SS 2-2-3-4 5 [6" Topsoil 25
: S2 SS 4-7-9-9 16 |Brown sandy, silty clay (CL) 100 SH
5__ S3 SS 4-6-9-9 15 100 AL
A sa | ss 11211000 31 100 MC.,0C
B S5 SS 6-8-9-11 17 100 SH. MC
10 '
15
R Ss6 SS 6-29-50/5" |79/11"|Brown sandy clayey silt (ML) 40
17
Run1| RC Encountered top of rock at 17.0 feet bgs 67| 63
_ Gray limestone, hard, weathered, few fractures.
20 Soil-like material 19 to 20 ft (Core barrel dropped rapidly)
_ Gray limestone, hard, weathered, frequent fractures.
22 20 to 23 feet
Run2| RC 12¢ 12
_ Weathered soil-like material. 23 to 29 feet (Core
25 barrel dropped quickly but little water was lost.
_ Water returned with suspended soil particles.)
27
Run 3 RC Recovered 4" of brown silt, some fine-medium sand 60 20
_ at about 28.5 feet bgs.
30 Gray limestone, hard, weathered, frequent fractures.
_ 29 to 37 feet
32— —— o o . . aem fon e - - . — o — v e o . can e G . G S S GRS S G S G e S M G N G e e S e e e e o e wve (e e e e e e e o ——— — —
_ Continued on next sheet
Sample type: SS-Split Spoon Laboratory Tests:  MC-Moisture Content C-Consolidation

ST-Shelby Tube
RC-Rock Core
SC-Soil Core

*ASTM D-1586 Standard Penetration Test

AL-Atterberg Limits

S-Sieve Analysis
SH-Sieve/Hydrometer Analysis
SG-Specific Gravity

OC - Organic Content

UU-Unconsolidated Undrained Triaxial
CU-Consolidated Undrained Triaxial
UCS-Unconfined Compressive Strength
K-Hydraulic Conductivity

BD - Bulk Density




WESTON SOIL BORING LOG PAGE 2 OF 2
Job Name USAEC- Letterkenny [Boring No. |B-1 Groundwater Level
Job No. 02218-012-003 Surface Elev. |645' Date Depth
Date Drilled Jan. 4, 1996 Boring Method Hollow Stem Auger 1/5/96 7.5 feet bgs
Drilling Co. Craig Test Boring Co. |Completion Depth | 37.0 ft bgs
Drill Foreman Bob Kimley Location G. Anthony property
Logged By Brian Miller on PA route 433.
Depth || Sample | Sample Sample N o Stratum % % Laboratory
(feet) No. Type* | Blow Counts* | Value* Visual Description Elev. | Rec | RQD Tests
(per 6 in.)
S | R R RN N O PPPI S NN DR SN
777 Re Gray limestone, hard, weathered, frequent fractures. 20 0
- 29 to 37 feet
35 Run 4
__ End of boring at 37 feet bgs.
40——
|
Sample type: SS-Split Spoon Laboratory Tests: MC-Moisture Content C-Consolidation
ST-Shelby Tube AL-Atterberg Limits UU-Unconsolidated Undrained Triaxial
RC-Rock Core S-Sieve Analysis CU-Consolidated Undrained Triaxial
SC-Soil Core SH-Sieve/Hydrometer Analysis UCS-Unconfined Compressive Strength
SG-Specific Gravity K-Hydraulic Conductivity

*ASTM D-1586 Standard Penetration Test OC - Organic Content BD - Bulk Density




PAGE 1 OF 1

WESTON SOIL BORING LOG
Job Name USAEC- Letterkenny |Boring No. |B-2 Groundwater Level
Job No. 02218-012-003 Surface Elev. {644.5 Date Depth
Date Drilled Jan. 5, 1996 Boring Method Hollow Stem Auger 1/5/96 7.0 feet bgs
Drilling Co. Craig Test Boring Co. |Compietion Depth | 28.0 ft bgs
Drill Foreman Bob Kimley Location G. Anthony property
Logged By Brian Miller on PA route 433.
Depth || Sample | Sample Sample N o Stratum % % Laboratory
(feet) No. Type* | Blow Counts* | Value* Visual Description Elev. | Rec | RQD Tests
(per 6 in.)
St SS 1-2-4-4 6 (12" Topsoil 75
: S2 SS 4-6-8-14 14 .Brown sandy silty clay (CL) 50 SH
5_— S3 SS 10-10-12-14 22 80 AL
N s4 | ss |11-12-12-14| 24 100 MC,0C
B BN SS 11-12-13-13 25 |{Brown sandy clayey silt (ML) 100 SH, MC
10__
13__
Run 1 RC Auger encountered top of rock at 13.0 feet bgs. 67| 50
15 Gray limestone, very hard, slightly weathered.
_ few fractures.
18
Run2| RC Gray limestone, very hard, sound. % | 90
20 (Very thin veins of quartz within the core.)
23
Run 3 RC Gray limestone, very hard, sound. 100 | 100
25 (Very thin veins of quartz within the core.)
28 ‘
_ End of boring at 28 feet bgs.
30__ Run #4 not drilled due to damaged core barrel.
Sample type: SS-Split Spoon Laboratory Tests: MC-Moisture Content C-Consolidation
ST-Shelby Tube AL-Atterberg Limits UU-Unconsolidated Undrained Triaxial
RC-Rock Core S-Sieve Analysis CU-Consolidated Undrained Triaxial
SC-Soil Core SH-Sieve/Hydrometer Analysis UCS-Unconfined Compressive Strength

SG-Specific Gravity
OC - Organic Content

K-Hydraulic Conductivity

*ASTM D-1586 Standard Penetration Test BD - Bulk Density
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Inter-Office Memorandum

TO:

FROM:
PROJECT:

SUBJECT:

ACTION:

Brian Miller

wh L
Russell Frye

USAEC - LETTERKENNY
Geotechnical Testing Results

cc: Bill Deutsch

DATE:

W.0. NO.:

DEUTSCH

12 February 1996

02281-012-003-0030-00

Geotechnical testing results for the USAEC - LETTERKENNY project are attached. Eight
( 8) soil sample(s), job number 9601X003 were submitted to WESTON’s Environmental
Technology Laboratory (ETL) on 11 January 1996 for geotechnical testing.

The geotechnical tests requested are presented in the attached custody transfer/work

request.

The geotechnical tests performed including reference method and test number are presented
in Table 1.

If you require additional information or have any questions, please call me at (610) 701-

6173.

c:\wpS51\geotech\restmpl.mem

RFW 04-08-004/A-5/85

02/12/%




SESONERS TONSULTANTS

Geotechnical Tests Performed, it?::e:\ce Methods and Test Numbers

Test Parameter Method’ Test Numbers
Grain Size by Sieve and Hydrometer D 421/422 4
Liquids and Plastic Limits D 4318 2
Natural Moisture Content D 2216 6
Moisture, Ash and Organic Content D 2974 2

All analytical methods derived from the Annual Book of ASTM Standards, Section 4, Volume 4.08, Soil and Rock; Building
Stones; Geotextiles, American Society of Testing Materials, Philadelphia, PA, 1991 unless noted otherwise.
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LPL1.XLS

ROY F. WESTON, INC. ENVIRONMENTAL TECHNOLOGY LABORATORY

ASTM D 4318 - LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS

PROJECT USAEC PROJECT ANALYST JRA
JOB NUMBER 9601X003 QA/QC ANALYST RWF
W. O. NUMBER 02281-012-003-0030-00 DATE COMPLETED 01/20/96
INDEX PROPERTIES USCS
Project ETL % moisture dry basis Class of
Sample Sample Liquid Plastic Plasticity Fine
I. D. Number Limit Limit Index Fraction
B-1 S3 002 30.8 17.7 13.1 CL
B-2 S3 006 26.0 19.7 6.3 ML/CL
NOTES
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